The presence of increased numbers of mucosal intraepithelial lymphocytes within the luminal gastrointestinal tract is a pattern of injury that evokes an extensive differential diagnosis based on the site of injury and other associated histologic findings. In the small intestine, the significance of intraepithelial lymphocytosis has been well studied in pediatric and adult populations, and raises a differential diagnosis that includes celiac disease, food/protein intolerance, Crohn's disease, and various infections. [1] [2] [3] [4] The clinicopathologic significance of colonic intraepithelial lymphocytosis in the adult is well understood. When present in colonic biopsies in adults, increased intraepithelial lymphocytes, in the absence of other architectural or inflammatory changes, calls forth a differential diagnosis that includes lymphocytic colitis, collagenous colitis, and drug-induced colitis. 5, 6 Colonic intraepithelial lymphocytosis can also be seen in patients with untreated celiac disease that represents a widespread response to gluten-mediated injury. 7 Little is known, however, about the significance of colonic intraepithelial lymphocytosis in the pediatric population, and no studies to date have reported on the spectrum of diseases associated with this finding in a large cohort of young patients.
Through the use of clinical follow-up data in a population of symptomatic pediatric patients presenting for colonoscopy and biopsy, our aim was to determine the clinical significance of increased numbers of colonic intraepithelial lymphocytes either as the sole histologic finding or in association with other architectural/inflammatory changes.
Materials and methods
The patient cohort was obtained by searching the laboratory information system of the surgical pathology laboratory at Children's Hospital Boston for 'intraepithelial lymphocytes' and 'colon' from 1999 to 2005 . In addition, the total number of endoscopic procedures was estimated by searching the endoscopy database during the same period. In the resultant biopsies, the mean number of intraepithelial lymphocytes per 100 colonocytes was counted by two of the authors (RMN and JDG) for each biopsy; the mean number of intraepithelial lymphocytes per 100 colonocytes was used as the final intraepithelial lymphocyte count. Separate values were obtained for surface and crypt intraepithelial lymphocytes; the minimal number of intraepithelial lymphocytes required for inclusion in the study was 20 intraepithelial lymphocytes per 100 colonocytes. Two separate high-power fields in each biopsy ( Â 400 magnification) that showed the highest density of intraepithelial lymphocytes were selected for formal counts. When available, biopsies of the duodenum and terminal ileum were also reviewed and intraepithelial lymphocytes and relevant histologic findings noted; intraepithelial lymphocytes were not counted in ileal biopsies that contained numerous lymphoid aggregates, nor were intraepithelial lymphocytes counted above or adjacent to lymphoid aggregates in colonic biopsies. Gastric mucosal biopsies were available in a minority of cases and thus were not reviewed. In all cases, biopsies were reviewed by two study pathologists (RMN and JDG), who were blinded to the indication for biopsy and clinical history.
The biopsies were in addition evaluated for the presence of other histopathologic findings, including the presence of basal lymphoid aggregates and plasma cells (clusters of 20 or more lymphocytes and/or plasma cells within the basal one-third of the colonic mucosa), ulceration, crypt architectural distortion, basal plasmacytosis (plasma cells present between the muscularis mucosae and the basal aspects of the colonic crypts), neutrophilic cryptitis (neutrophils within the colonic epithelium), crypt abscesses (clusters of five or more neutrophils within crypt lumina), increased lamina propria lymphocytes, and/or plasma cells that expanded the lamina propria, granulomas, Paneth cells present in the distal one-half of the colon, the presence of a thickened subepithelial collagen layer, pyloric gland metaplasia of crypt epithelium, the presence of crypt epithelial apoptotic debris, surface epithelial damage (decreased amounts of colonic epithelial cytoplasm with concomitantly increased nuclear size), epithelial denudation, increased lamina propria eosinophils that expanded the lamina propria, and clusters of intraepithelial eosinophils.
On completion of the biopsy review, the study patients' clinical information, including biopsy indication, medical comorbidities, current drug regimens, and autoimmune serologies, were provided by two other study authors (EH and AL). In addition, the final clinical diagnoses, as well as clinical follow-up and further biopsy findings, were reviewed at this time to establish any salient associations.
Results

Patient Characteristics
The study cohort was composed of 20 patients who underwent a total of 121 colonic mucosal biopsies. Over the study period, endoscopies were performed on approximately 2450 patients for an estimated incidence of 0.8% over the 7-year-study period. The mean patient age was 10.2 years (range 1-17 years); 40% of the patients were male. Demographic characteristics including patient age and sex, indications for biopsy, medical comorbidities, and medications are summarized in Table 1 . The most common indications for endoscopy and biopsy were diarrhea (six patients), abdominal pain (four patients), and a combination of abdominal pain and diarrhea (six patients). Twelve patients were taking various medications at initial presentation (Table 1) ; there were no common medications, with the exceptions of insulin and proton-pump inhibitors, among the study patients.
Coexistent medical comorbidities were found in 12 patients (Table 1) . Seven patients had autoimmune diseases including two patients each with primary sclerosing cholangitis and insulin-dependent diabetes mellitus, and one patient each with hypothyroidism and multisystem autoimmune disease. Also, one patient (no. 20) had the coexistence of idiopathic thrombocytopenic purpura and autoimmune hemolytic anemia. In addition, three patients had documented infectious disease at presentation, including one with Helicobacter pylori gastritis (diagnosed with H. pylori antibody testing), one with enterobiasis, and one with rotavirus infection. One other patient was known to have common variable immunodeficiency. Finally, three patients were noted to have medical comorbidities that were likely unrelated to their presentation for colonic biopsy including hypercholesterolemia, Chiari malformation, and schizoaffective disorder each present in one patient.
Histopathology
The histopathologic findings are presented in Table  2 . The mean intraepithelial lymphocyte count in all biopsies was 29 intraepithelial lymphocytes per 100 enterocytes (range ±22). A total of 13 patients showed an increase in mean intraepithelial lymphocytes exclusively within the surface epithelium (mean 34±17 intraepithelial lymphocytes per 100 colonocytes), whereas 3 patients showed increased mean intraepithelial lymphocytes within both the crypt and surface compartments (surface intraepithelial lymphocytes: mean 63 ± 12 per 100 colonocytes; crypt intraepithelial lymphocytes: mean 32±9 per 100 colonocytes); these 3 patients were later classified as having lymphocytic colitis. One patient who had two sets of evaluable biopsies was found to have crypt intraepithelial lymphocytosis (22±5 per 100 colonocytes), without increases in surface intraepithelial lymphocytes, and was ultimately diagnosed with autoimmune enteropathy (patient 2). Three patients were found to have mean intraepithelial lymphocyte counts of less than 20 lymphocytes per 100 colonocytes when averaging counts from multiple biopsies, but were included in this study because colonic intraepithelial lymphocytosis was observed in at least one of the biopsy samples. Two of these patients had colonic intraepithelial lymphocytosis isolated to the epithelial surface, whereas one patient had colonic intraepithelial lymphocytosis of both the surface and crypt components. In all cases, multiple colonic biopsies (mean of 5.4 biopsies per patient, range 2-9 biopsies) were available for review and revealed that no patients had increased intraepithelial lymphocytes that were preferentially present in either the right or left colon. In addition, 2 (10%) of the patients had colonic intraepithelial lymphocytosis present in only one biopsy, and the remaining 18 (90%) of the patients had colonic intraepithelial lymphocytosis present in two or more biopsies.
Although colonic intraepithelial lymphocytosis was the sole histologic finding in seven patients (Figure 1 ), thirteen patients had other inflammatory/ architectural findings (see Table 2 ). Additional Pediatric colonic intraepithelial lymphocytosis RM Najarian et al histologic findings included the presence of Paneth cell metaplasia (five patients), neutrophilic cryptitis (four patients), surface epithelial damage (three patients), increased lamina propria chronic inflammation that expanded the lamina propria (three patients), basal lymphoid aggregates (three patients), crypt architectural distortion (three patients; Figure 2 ), crypt abscesses (two patients; Figure 3 ), surface epithelial denudation (two patients), ulceration (two patients), and surface epithelial apoptotic debris (one patient). Two patients had the simultaneous presence of neutrophilic cryptitis, crypt abscesses, increased lamina propria chronic inflammation, and crypt architectural distortion. The findings in concurrently procured biopsies of the terminal ileum and duodenum were also analyzed. In the thirteen patients in whom duodenal biopsies were available, biopsies from two patients showed histologic changes consistent with celiac disease, including variable villous atrophy, crypt hyperplasia, and intraepithelial lymphocytosis (average 37 and 45 intraepithelial lymphocytes per 100 enterocytes, respectively). One additional patient, who was diagnosed with ulcerative colitis, was found to have up to 38 lymphocytes per 100 enterocytes with otherwise normal villous architecture; the remaining duodenal biopsies were histologically unremarkable. Review of 12 patients' available ileal biopsies revealed that all patients showed less than 20 intraepithelial lymphocytes per 100 enterocytes (average 12.2 intraepithelial lymphocytes per 100 enterocytes); however, one patient (no. 9) showed mild acute ileitis (rare neutrophils at the tips of villi), and two patients showed mild villous atrophy (mild decrease in villous height compared with crypt depth).
Clinical Correlation
The mean clinical follow-up period after biopsy averaged 14 months (range 1-48 months). Despite the wide age range in the cohort, no particular diseases were associated with the neonatal, infant, childhood, or teenage years. The final clinical diagnosis in four patients was inflammatory bowel disease. Two patients were found to have Crohn's disease, with biopsies in one patient showing focal ulceration and Paneth cell metaplasia, and colonic intraepithelial lymphocytosis as the only histologic finding in the other. Two patients were diagnosed with ulcerative colitis, with both patients' biopsies demonstrating marked cryptitis, crypt abscesses, architectural distortion, and expanded chronic inflammation in the lamina propria.
There was clinical suspicion of Crohn's disease in patient 16 with a perianal fistula; however, she was lost to follow up before a definitive diagnosis was made. Two patients were found to have celiac disease, supported by positive tissue transglutaminase, anti-gliadin, and/or anti-endomysial antibodies and by typical findings in duodenal mucosal biopsies. Lymphocytic colitis was diagnosed in three patients who had chronic watery diarrhea, normal colonic mucosa at endoscopy, and a lack of another apparent etiology. Allergic colitis was the clinical diagnosis in one patient, with high serum IgE levels, peripheral eosinophilia; positive radioallergosorbent test for wheat, and positive skin prick testing; however, this patient did not show significantly increased eosinophils in any biopsy. This patient was also being treated with clarithromycin, amoxicillin, bismuth subsalicylate, and omeprezole for H. pylori gastritis at the time of biopsy. Patient 7 had a documented history of Clostridium difficile colitis and was treated with metronidazole before the endoscopy and biopsy that showed colonic intraepithelial lymphocytosis. The endoscopy on this patient showed only mild erythema without pseudomembrane formation; thus, the cause of the patient's colonic intraepithelial lymphocytosis was presumed to be post-infectious in nature. Three patients had severe multisystem autoimmune disease including autoimmune enteropathy. Finally, six study patients were found to have other diseases, including perianal abscess, perianal fistula, idiopathic constipation, Hirschsprung's disease, and irritable bowel syndrome in which colonic intraepithelial lymphocytosis was seen as the only histologic abnormality. The site of the intraepithelial lymphocytosis within the crypt versus surface epithelium did not correlate with the final clinical diagnosis. Furthermore, the presence of other inflammatory or metaplastic changes did not correlate with the final clinical diagnosis, except in the cases of idiopathic inflammatory bowel disease.
Discussion
In this report, we describe the clinicopathologic associations of colonic intraepithelial lymphocytosis in a cohort of 20 symptomatic pediatric patients undergoing endoscopy and biopsy. To our knowledge, this is the first description of the significance of increased colonic intraepithelial lymphocytes presented as a retrospective pediatric case series in the English literature.
Like adults, the finding of colonic intraepithelial lymphocytosis in our cohort of pediatric patients was associated with lymphocytic colitis, celiac disease, resolving infectious colitis, and possibly drug-induced colitis. [7] [8] [9] However, other diseases more commonly seen in the pediatric population are also noted to be associated with colonic intraepithelial lymphocytosis, most notably autoimmune enteropathy.
Autoimmune enteropathy rarely presents in adulthood, 10 but more typically manifests in infancy or early childhood as a cause of intractable diarrhea. [11] [12] [13] [14] Increased IELs do occur in a subset of patients with autoimmune enteropathy, which typically appears as a destructive acute inflammatory infiltrate with villous loss that may accompany the absence of goblet and/or Paneth cells. 10, 15 Another novel finding in our series is the relative abundance of cases diagnosed as lymphocytic colitis. Lymphocytic colitis is defined as a diarrheal illness that manifests as profuse watery diarrhea in the context of a normal endoscopic appearance which usually occurs in adults during the 4-7th decade. 8 Histologically, colonic biopsies show intraepithelial lymphocytosis, lamina propria expansion by a predominantly lymphoplasmacytic infiltrate, and normal crypt architecture. 8 Using these criteria, lymphocytic colitis was found in three of our cases. The literature on pediatric lymphocytic colitis is relatively scant. The largest series, by Mashako et al, 16 describes a series of five patients with 'microscopic colitis'; the illustrations in this report are diagnostic of lymphocytic colitis. The clinical presentation of the pediatric patients in the report by Matshako et al is quite similar to the lymphocytic colitis cases in our series. Thus, lymphocytic colitis should be recognized as an uncommon cause of chronic diarrheal illness in children; interestingly, there were no cases of collagenous colitis in our series, though there are few reports of pediatric collagenous colitis in the literature. [17] [18] [19] Two of the patients in our series were diagnosed with celiac disease. The association of colonic intraepithelial lymphocytosis and celiac disease is well described, 6, 9 and is always in the differential diagnosis of lymphocytic colitis when diagnosed in adults. As such, when colonic intraepithelial lymphocytosis is found in the pediatric population in the absence of any other histologic findings, celiac disease should always be raised as a diagnostic possibility.
Another major finding in this report is the association of colonic intraepithelial lymphocytosis with idiopathic inflammatory bowel disease. In prototypical cases, biopsies of the colon and/or small intestine show a combination of crypt architecture disarray and acute inflammatory changes including intraepithelial neutrophils, crypt abscesses, and/or ulceration. 20 However, a small number of patients presenting with idiopathic inflammatory bowel disease, typically Crohn's disease, may present with increased intraepithelial lymphocytes as the only histologic finding, as was observed in one of the four patients diagnosed with idiopathic inflammatory bowel disease. 21 Three of our patients showed increased intraepithelial lymphocytes in combination with typical findings of inflammatory bowel disease, which has been observed previously. 6, 21 We are aware that changes suggestive of idiopathic inflammatory bowel disease, including crypt architecture distortion, acute crypt inflammation, and Paneth cell metaplasia have been described as part of the histologic spectrum of lymphocytic colitis in the adult population. 22, 23 However, all of the patients with these changes, in addition to colonic intraepithelial lymphocytosis, proved to have idiopathic inflammatory bowel disease within our follow-up period.
Owing to the recent history of treated C. difficile colitis, and an endoscopy that showed minimal findings, one patient's colonic intraepithelial lymphocytosis was thought to be due to post-infectious changes. It has been postulated that increased Figure 3 In addition to crypt architecture irregularity, this case showed a crypt abscess (H&E, Â 40). Other biopsies from this patient showed increased intrapepithelial lymphocytes. The final diagnosis in this patient was ulcerative colitis.
colonic intraepithelial lymphocytes may be present as part of an active infection, a slowly resolving infectious process, or a persistent inflammatory response to a remote infection. 24, 25 However, a specific association of C. difficile infection and colonic intraepithelial lymphocytosis has yet to be well established.
One patient had clinical findings that strongly suggested an allergic process. However, examination of the patient's colonic mucosal biopsies only showed a modest colonic intraepithelial lymphocytosis without any other findings such as increased eosinophilic infiltrates. However, this patient was being treated with multiple antimicrobials, including amoxicillin, and a proton-pump inhibitor as treatment for H. pylori gastritis. Both protonpump inhibitors and penicillin derivatives are known causes of colonic intraepithelial lymphocytosis; 26, 27 thus, the cause of this patient's intraepithelial lymphocytosis is presumed to be drug induced.
To our knowledge, this is the first cohort of pediatric patients with colonic intraepithelial lymphocytosis presented in the English literature. As a retrospective study, however, the strength of our conclusions is somewhat limited. In addition, the average follow-up time of 14 months potentially limits the accuracy of the final clinical diagnoses and may explain the lack of apparent disease associations in some of the patients. Therefore, the subject of pediatric colonic intraepithelial lymphocytosis would certainly benefit from a prospective study and validation in the future.
In summary, colonic mucosal biopsies in the pediatric population that show intraepithelial lymphocytosis without other significant other histologic findings have diverse clinical associations, most of which parallel the adult population. However, colonic intraepithelial lymphocytosis is also seen in various pediatric diseases not typically seen in adults.
